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1

ELECTRO-OPTICAL DEVICE AND
ELECTRONIC APPARATUS HAVING TWO
LOGICAL OPERATION CIRCUITS

The present application 1s based on, and claims priority
from JP Application Serial Number 2019-203688, filed Nov.

11, 2019, the disclosure of which 1s hereby incorporated by
reference herein 1n its entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to an electro-optical device
and an electronic apparatus.

2. Related Art

An electro-optical device, which uses a liquid crystal
clement or the like as a display element, 1s provided with a
pixel circuit corresponding to an intersection between a
scanning line and a data line. The pixel circuit, when the
scanning line corresponding to the pixel circuit 1s selected,
has a brightness corresponding to a voltage of a data signal
being supplied to the data line corresponding to the pixel
circuit. In the electro-optical device thus configured, a
demultiplexer system has been suggested as a configuration
in which data signals are supplied to all of the data lines 1n
a horizontal scanning period i which a one piece of
scanning line 1s selected (for example, see JP 2006-323267
A).

In the demultiplexer system, the data lines are grouped for
respective k pieces of data lines (k 1s an integer of 2 or
greater), where 1n the horizontal scanning period, the data
line 1s selected one by one from the data lines from a first
sequence to a k-th sequence 1n each of the groups and the
selected data line 1s supplied with a data signal from an 1nput
node corresponding to the group.

Note that 1n the demultiplexer system, in each of the
groups, respective k pieces of switches are provided between
the input node and the k pieces of data lines, where the k
pieces ol switches are sequentially and exclusively switched
in the horizontal scanning period, to supply the data signal
from the mput node to the data line being selected.

However, 1n the electro-optical device, there 1s a strong
demand for higher definition. In order to satisty the demand
for higher definition, the number of the data lines needs to
be increased. The increase in the number of the data lines in
the demultiplexer system can be addressed by increasing the
“k” of the number of the data lines constituting the group. In
order to prevent, when the k 1s icreased, a reduction 1n a
selection period per one piece of the data line in the
horizontal scanning period, 1t 1s conceivable to narrow a
period between a period for causing a switch to turn ON and
a period for causing the next switch to turn ON, that 1s, a
period for causing the two switches to turn OFF.

The electro-optical device 1s provided with an nspection
circuit to adjust a timing for causing each of the switches of
the demultiplexer to turn ON, for example. Unfortunately, in
the demultiplexer system, narrowing a period for causing the
two switches described above to turn OFF makes it dithcult
to monitor an output signal from the mmspection circuit.

SUMMARY

In order to resolve the above-described 1ssue, an electro-
optical device according to an aspect of the present disclo-
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2

sure mcludes a first switch provided between an mput node
supplied with a data signal and a first data line, the first
switch being configured to be turned ON or OFF by a first
control signal, a second switch provided between the 1nput
node and a second data line, the second switch being
configured to be turned ON or OFF by the second control
signal, a sequential output circuit configured to output a first
pulse, and a second pulse exclusive of the first pulse, logical
operational first logical operation circuit configured to
acquire a first logical product signal of the first control signal
and the first pulse, and a second logical product signal of the
second control signal and the second pulse, and a second
logical operation circuit configured to generate a logical sum
signal of the first logical product signal and the second
logical product signal.

Further, an electronic apparatus according to an aspect of
the present disclosure includes the electro-optical device
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1illustrating a configuration of an
clectro-optical device according to a first embodiment.

FIG. 2 1s a diagram 1llustrating an equivalent circuit of a
pixel circuit of an electro-optical device.

FIG. 3 1s a diagram 1illustrating a configuration of a
demultiplexer of an electro-optical device.

FIG. 4 1s an explanatory chart illustrating a display
operation of an electro-optical device.

FIG. 5 1s a diagram 1llustrating a configuration of an
inspection circuit and the like of an electro-optical device.

FIG. 6 1s an explanatory chart illustrating an operation of
an 1spection circuit of a first embodiment.

FIG. 7 1s a diagram 1llustrating a modification example of
a first embodiment.

FIG. 8 1s an explanatory chart illustrating an operation of
an inspection circuit 1 a modification example of a first
embodiment.

FIG. 9 1s a diagram illustrating a configuration of an
clectro-optical device according to a second embodiment.

FIG. 10 1s a diagram illustrating a configuration of an
clectro-optical device according to a third embodiment.

FIG. 11 1s a diagram illustrating a configuration of an
clectro-optical device according to a fourth embodiment.

FIG. 12 1s an explanatory chart 1llustrating an operation of
an 1spection circuit of a fourth embodiment.

FIG. 13 1s a diagram illustrating a configuration of an
clectro-optical device according to a fifth embodiment.

FIG. 14 1s an explanatory chart 1llustrating an operation of
an spection circuit of a fifth embodiment.

FIG. 15 1s a diagram illustrating a modification example
of a fifth embodiment.

FIG. 16 1s an explanatory chart 1llustrating an operation of
an 1nspection circuit 1 a modification example of a fifth
embodiment.

FIG. 17 1s a diagram illustrating one example of an
clectronic apparatus using an electro-optical device.

FIG. 18A-FIG. 18C 1s a chart illustrating an example of
an output signal wavelorm of an mspection circuit according
to a comparative example.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Heremafiter, electro-optical devices according to embodi-
ments will be described with reference to the accompanying,
drawings. Note that in each of the drawings, a size and a
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scale of each of components are made different as appro-
priate from the actual size and the actual scale of each of the
components. Also, the embodiments described below are
suitable specific examples of the present disclosure, and to
which wvarious technically preferred limitations are
appended, however, the scope of the present disclosure 1s not
limited to these embodiments unless otherwise specifically
described 1n the following descriptions to limit the present
disclosure.

FI1G. 1 1s a block diagram 1llustrating a configuration of an
clectro-optical device 10 according to a first embodiment,
FIG. 2 1s a diagram 1llustrating an equivalent circuit of a
pixel circuit 110 of the electro-optical device 10, and FIG. 3
1s a circuit diagram illustrating a demultiplexer 140 and the
like of the electro-optical device 10.

The electro-optical device 10 serves as a transmissive
liquid crystal panel used as a light valve of a liquid crystal
projector, for example. As illustrated 1n FIG. 1, the electro-

optical device 10 includes a display region 100, scanning
line drive circuits 130L and 130R, the demultiplexer 140,
and an inspection circuit 200.

In the display region 100, the pixel circuits 110 corre-
sponding to pixels of an 1image to be displayed are arrayed
in a matrix pattern. Specifically, in the display region 100, m
pieces ol scanning lines 112 are provided extending in a
lateral direction 1n the figures, where n pieces of data lines
114 extend 1n a vertical direction in the figures, and are
provided 1n a manner electrically insulated with respect to
the scanning lines 112.

Further, the pixel circuits 110 are provided corresponding
to the intersections between the m pieces of scanning lines
112 and the n pieces of data lines 114. Thus, in the first
embodiment, the pixel circuits 110 are arrayed in a matrix
pattern having m vertical columns and n horizontal rows.

Here, the m 1s an integer of 2 or greater, and the n 1s an
integer of 2 or greater, which are multiple of 4 1n the first
embodiment.

In the matrix pattern of the scanning lines 112 and the
pixel circuits 110, 1n order to distinguish the columns from
one another, the columns may be referred to as 1, 2,
3, ..., ({m-1), and m columns in the order from the top 1n
the figure. Also, when a description 1s given without speci-
tying the columns, 1 may be used to refer to as 1 column.
Note that the 1 1s an integer that satisfies 1=1=m.

Similarly, in the matrix pattern of the data lines 14 and the
pixel circuits 110, 1n order to distinguish the rows from one
another, the rows may be retferred to as 1, 2, 3, .. ., (n—-1),
and n rows 1n the order from the left in the figure. Further,
as described below, 1n the first embodiment, the data lines
114 are grouped for respective four pieces of the data lines
114, and thus four rows belonging to a j-th group may be
referred to as (41-3), (41-2), (41-1), and (47)-th rows. Note
that the j 1s an teger that satisfies 1=1=(n/4).

Here, for convenience of explanation, a configuration of
the pixel circuit 110 will be described.

FIG. 2 1s a diagram 1llustrating an equivalent circuit of
four pieces of the pixel circuits 110 corresponding to inter-
sections between respective two adjacent scanning lines 112
and respective two adjacent data 114.

As 1llustrated 1n the figure, the pixel circuit 110 includes
a transistor 116 and a liquid crystal element 120. The
transistor 116 serves as an n-channel type thin {ilm transistor,
for example. In the pixel circuit 110, a gate node of the
transistor 116 1s coupled to the scanning line 112, while the
source node 1s coupled to the data line 114 and the drain
node 1s coupled to a pixel electrode 118.
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A common electrode 108 1s provided in common to all of
the pixels 1n a manner facing the pixel electrode 118, and to
which a voltage LCcom that 1s substantially constant in time
1s applied. Further, a liquid crystal 105 1s interposed between
the pixel electrode 118 and the common electrode 108. Thus,
the liquid crystal element 120 1s constituted by the pixel
clectrode 118, the common electrode 108, and the liquid
crystal 105 for each of the pixel circuits 110. Note that 1n the
pixel circuit 110, a storage capacitor, the illustration of
which 1s omitted, 1s provided in parallel to the liquid crystal
clement 120.

Referring back to FIG. 1, a description will be given. The
scanning line drive circuit 130L 1s provided at the left of the
display region 100 in the figure. The scanning line drive
circuit 130L includes m sets of AND circuits and delay
circuits that are one-to-one corresponding to the m pieces of
scanning lines 112. Among these components, m pieces of
delay circuits Srl to Srm are cascaded in series. The term
cascaded refers to a serial coupling in which an output signal
from a delay circuit 1n a stage also serves as an input signal
to a delay circuit 1n the next stage. The delay circuits Srl to
Srm are each configured to output pulse signals, which are
input to these delay circuits, in synchronization with a clock
signal Cly and a clock signal/Cly having a logically inverted
relationship with the clock signal Cly, by delaying as much
as a half period of the clock signal Cly.

Note that in FIG. 1, the clock signal/Cly 1s omitted 1n
order to avoid complications. Also, a start pulse Dy 1s 1input
to the delay circuit Srl 1n the first stage, which 1s the 1nitial
stage, and an end pulse EpyL 1s output from the delay circuit
Srm 1n the m-th stage, which is the final stage. Further, the
start pulse Dy and the clock signal Cly are supplied from a
display control circuit, the illustration of which 1s omitted,
and the end pulse EpyL 1s supplied to the mspection circuit
200.

A one AND circuit 1s configured to output a logical
product signal of an input signal to a delay circuit corre-
sponding to the AND circuit and an output signal from the
delay circuit, and to output the logical product signal as a
scanning signal to the scanning line 112 corresponding to the
AND circuit. Note that an output control signal for control-
ling an output signal from the AND circuit may be provided,
and a logical product signal of the output signal from the
AND circuit and the output control signal may be used as the
scanning signal. The output control signal may also be
referred to as enable signal.

The scanning line drive circuit 130R has the same con-
figuration as in the scanning line drive circuit 130L except
that the scanning line drive circuit 130R 1s provided at the
right of the display region 100 in the figure. That 1s, the
scanning line drive circuit 130R 1s configured to be input
with the start pulse Dy and the clock signal, and to output the
scanning signal and the end pulse as 1n the scanning line
drive circuit 130L. Note that, 1n order to distinguish from the
end pulse EpyL by the scanning line drive circuit 130L, the
reference sign of the end pulse output from the scanning line
drive circuit 130R 1s denoted as EpyR.

The configuration 1s employed in which the scanning
signal 1s supplied, by the scanning line drive circuits 130L
and 130R, from both of the left and right of the display
region 100 to the scanning line 112, 1n order to minimize an
influence due to the delay compared to a configuration 1n
which the scanning signal 1s supplied from one of the leit or
right of the display region 100.

As described above, the data lines 114 are grouped for the
respective four pieces of the data lines 114, and thus, as for
the 1-th group, the following four pieces of the data lines 114
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belong to this j-th group. Specifically, to the j-th group, the
data lines 114 i (41-3), (41-2), (45-1), and (41)-th rows
belong.

Note that as for the data lines 114, in order to describe
operations 1n the group, the (41-3)-th row 1s described as
first sequence, the (41-2)-th row 1s described as second
sequence, the (41-1)-th row 1s described as third sequence,
and the (47)-th row 1s described as fourth sequence.

The demultiplexer 140 includes transistors that are one-
to-one corresponding to the data lines 114, as illustrated in
FIG. 3.

Specifically, the demultiplexer 140 1include transistors Q1
to Q4 for each of the groups, where among these transistors,
the transistor Q1 1s provided corresponding to the data line
114 of the first sequence, the transistor Q2 1s provided
corresponding to the data line 114 of the second first
sequence, the transistor Q3 1s provided corresponding to the
data line 114 of the third first sequence, and the transistor (04
1s provided corresponding to the data line 114 of the fourth
sequence.

In the j-th group, a source node of the transistor Q1, a
source node of the transistor Q2, a source node of the
transistor Q3, and a source node of the transistor Q4 are
commonly coupled to an input node N(3).

In the j-th group, a drain node of the transistor Q1 1s
coupled to the data line 114 1n the (47-3)-th row, and a gate
node of the transistor Q1 1s supplied with a control signal
Sell. A drain node of the transistor Q2 1s coupled to the data
line 114 1n the (47-2)-th row, and a gate node of the transistor
Q2 1s supplied with a control signal Sel2. A drain node of the
transistor Q3 1s coupled to the data line 114 in the (47-1)-th
row, and a gate node of the transistor Q3 1s supplied with a
control signal Sel3. A drain node of the transistor Q4 1is
coupled to the data line 114 in the (41)-th row, and a gate
node of the transistor Q4 1s supplied with a control signal
Seld.

Note that, to the mput node N(j), respective data signals
for four pixels located at intersections between columns
selected by the scanning line drive circuits 130L and 130R,
and the (41-3), (41-2), (47-1), and (47)-th rows 1n the j-th
group are supplied i a time divisional manner from the
display control circuit described above 1n synchronization
with the supply of the control signals Sell to Seld, as
described below.

The transistors Q1 to Q4 1n another group other than the
1-th group are also coupled 1n the same manner as 1n the j-th
group.

Note that, 1n a (+1)-th group as well, the source node of
the transistor Q1, the source node of the transistor 2, the
source node of the transistor O3, and the source node of the
transistor Q4 are commonly coupled to an mput node
NG+1).

As such, the mput nodes are provided corresponding to
the groups. Accordingly, 1n an actual situation, there are
(n/4) pieces of the mput nodes, which are consisting of from
N(1) to N(n/4). To each of the mnput nodes, the data signal
1s supplied 1n a time divisional manner, as described below.
In FIG. 1, for convenience of explanation, these data signals
are generically denoted as Vid.

In addition, the control signals Sell to Seld are supplied
from the display control circuit described above via four
pieces of signal lines 142.

Here, the four pieces of signal lines 142 are provided
extending 1n the same direction as the direction in which the
data line 114 extends. Note that 1n the first embodiment, the
control signals Sell to Seld are supplied with B side being
located upstream and A side being located downstream,
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where the A and B sides are located in the extending
direction 1n which the four pieces of signal lines 142 extend.
That 1s, the display control circuit described above 1is
coupled to the B side of the four pieces of signal lines 142,
where the control signals Sell to Seld are supplied from the
B side toward the A side.

In FIG. 1, the mspection circuit 200 1s configured to be
input with the end pulses EpyL and EpyR, the clock signal
Cly, the control signals Sell to Seld, and a signal Mode, and
to output a signal Tout indicating nspection results of the
scanning line drive circuits 130L and 130R and the demul-
tiplexer 140. Note that details of the mnspection circuit 200
will be described after a display operation that 1s premised.

Then, the display operation of the electro-optical device
10 will be described with reference to FIG. 4.

Note that in FIG. 4, an Sr(1) indicates a signal that 1s
output from the delay circuit Srl in the first stage, and
thereafter similarly, Sr(2), Sr(3), . . . , and Sr(m) indicate
signals that are output from the delay circuits Sr2, Sr2,
Sr3, . . ., and Srm. Also, a Gwr(1) indicates a scanning
signal that 1s supplied to the scanning line 112 1n the first
column, and thereafter similarly, Gwr(2), Gwr(3), .. ., and
Gwr(m) mdicate scanning signals supplied to the scanning
lines 112 1n 2, 3, . . ., and m-th columns. The Gwr(1)
indicates a scanning signal supplied to the scanning line 112
in the 1-th column.

When the start pulse Dy having a period length of one
period of the clock signal Cly 1s supplied at a start timing of
a vertical scanning period (V), the start pulse Dy 1s sequen-
tially delayed stepwise by the half period of the clock signal
Cly by the delay circuits Srl to Srm to be output as signals
Sr(1) to Sr(m).

A logical product signal of the start pulse Dy and the
signal Sr(1) 1s generated by the AND circuit 1in the first stage,
and the logical product signal 1s output as a scanning signal
Grw(1). A logical product signal of the signal Sr(1) and the
signal Sr(2) 1s generated by the AND circuit in the second
stage, and the logical product signal 1s output as a scanning,
signal Grw(2). Hereinafter similarly, a logical product signal
of the signal Sr(m-1) and the signal Sr(im) 1s generated by
the AND circuit 1in the m-th stage, and the logical product
signal 1s output as a scanning signal Grw(m).

Note that in the figure, for convenience of explanation, a
blanking period of the vertical scanning period V 1s repro-
duced 1n an abbreviated notation.

The scanming signals Gwr(1), Gwr(2), Gwr(3), . . ., and
Gwr(m) output from the scanning line drive circuits 130L
and 130R are sequentially and exclusively set to an H level
at every half period of the clock signal Cly. Note that, as for
the 1-th column, during a period 1n which a scanning signal
Gwr(1) 1s set to the H level, the data signal 1s written to the
pixel circuit 110 1n the 1-th column, and thus the period in
which the H level 1s achieved, that 1s, the half period of the
clock signal Cly corresponds to a horizontal scanning period
(H).

An operation of the demultiplexer 140 will be described
taking the horizontal scanming period (H) in which the
scanning signal Gwr(1) 1s set to the H level as an example.
As 1llustrated 1n FIG. 4, 1n the horizontal scanning period
(H), the control signals Sell to Seld are exclusively set to the
H level in this order. During the period in which any one of
the control signals Sell to Seld 1s set to the H level, a period
Ta 1n which the control signals Sell to Seld are all set to an
L level intervenes.

During the horizontal scanning period (H) in which the
scanning signal Gwr(1) 1s set to the H level, the transistor Q1
of the first sequence turns ON in the demultiplexer 140 when
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the control signal Sell 1s set to the H level. In addition,
during the period 1n which the control signal Sell is set to
the H level, as for the j-th group, a signal having a voltage
corresponding to a gray-scale level of the pixel at the 1-th
column and (47-3)-th row 1s supplied, as a data signal Vid(y),
from the display control circuit described above to the mput
node N(7). Accordingly, to the data line 114 in the (47-3)-th
row, the data signal Vid(y) 1s supplied.

When the control signal Sell 1s set to the L level, the
transistor Q1 turns OFF.

Subsequently, when the control signal Sel2 1s set to the H
level, the transistor Q2 of the second sequence turns ON.
During the period 1n which the control signal Sel2 1s set to
the H level, as for the j-th group, a signal having a voltage
corresponding to a gray-scale level of the pixel at the 1-th
column and (47-2)-th row 1s supplied as the data signal
Vid(y) to the mput node N(j). Accordingly, to the data line
114 1n the (41-2)-th row, the data signal Vid(3y) 1s supplied.

Hereinafter similarly, when the control signal Sel3 1s set
to the H level, the transistor Q3 of the third sequence turns
ON, and the data signal Vid(j) having a voltage correspond-
ing to a gray-scale level of the pixel at the 1-th column and
(41-1)-th row 1s supplied to the data line 114 1n the (4;—1)-th
row, and subsequently, when the control signal Seld 1s set to
the H level, the transistor Q4 1n the fourth sequence turns
ON, and the data signal Vid(j) having a voltage correspond-
ing to a gray-scale level of the pixel at the 1-th column and
(41)-th row 1s supplied to the data line 114 1n the (41)-th row.

Note that a distribution operation that the data signal 1s
supplied to the data line 114 thus configured is performed 1n
a similar manner for the groups other than the j-th group.
Accordingly, to the data lines 114 from the first row to the
m-th row, respective data signals having voltages corre-
sponding to gray-scale levels of the pixels from the 1-th
column and first row to the 1-th column and m-th row are
supplied in this order.

Incidentally, in the horizontal scanning period (H) in
which the scanming line 112 1n the i1-th column 1s selected,
the scanning signal Gwr(1) 1s set to the H level, and thus the
transistor 116 turns ON at n pieces of the pixel circuits 110
provided corresponding to the 1-th column. The data line 114
and the pixel electrode 118 become an electrically coupled
state due to the turning ON of the transistor 116, and thus the
data signal supplied to the data line 114 reaches the pixel
clectrode 118 via the transistor 116 that turns ON. When the
scanning line 112 1s set to the L level, the transistor 116 turns
OFF, and a voltage of the data signal having reached the
pixel electrode 118 1s held by the capacitive properties of the
liguid crystal element 120.

As well known, 1n the liquid crystal element 120, an
alignment state of the liquid crystal 105 varies depending on
an electrical field generated by the pixel electrode 118 and
the common electrode 108. Thus, the liquid crystal element
120 has a transmittance according to an effective value of an
applied voltage. That 1s, 1n the electro-optical device 10, the
transmittance varies for each of the liquid crystal elements
120 of the pixel circuits 110.

Note that a voltage holding operation on the liquid crystal
clement 120 thus configured 1s performed for each of the n
pieces of the pixel circuits 110 provided corresponding to
the 1-th column. Moreover, such a voltage holding operation
1s performed 1n the order of 1, 2, 3, . . ., and m-th columauns,
a voltage corresponding to the data signal 1s held by each of
the liquid crystal elements 120 of the pixel circuits 110
arrayed by m number in column and n number in row, to
eventually cause the liquid crystal elements 120 to have an
aimed transmittance.
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Next, the mspection circuit 200 will be described.

FIG. § 1s a diagram 1illustrating a configuration of the
ispection circuit 200 and the like. FIG. 5 additionally
illustrates, 1n the electro-optical device 10, elements other
than the inspection circuit 200, specifically, the display
region 100, the scanning line drive circuits 130L and 130R,
and the demultiplexer 140.

Also, 1n the figure, an L/S 1ndicates a level shifter, which
1s configured to convert a low amplitude signal 1mnto a high
amplitude signal. Specifically, the level shifter 1s configured
to convert a logic signal of 3.3 volts, which 1s a potential
difference between the H level and the L level, into a logic
signal of 15 volts, which 1s the potential difference between
the H level and the L level. The level shifter may be
configured with a first stage where the logic signal of 3.3
volts, which 1s the potential difference between the H level
and the L level, 1s converted into a logic signal of 8 volts, and
a second stage where an output signal in the first stage 1s
converted into the logic signal of 15 volts. In addition, a
BUF indicates a bufler, which 1s a circuit that 1s configured
to convert a high impedance signal into a low impedance
signal.

The control signal Sell supplied from the display control
circuit 1s converted by the level shifter into the high ampli-
tude signal, to be then supplied via the bufler to the demul-
tiplexer 140. Each of the control signals Sel2, Sel3, and Sel4
1s also converted by the level shifter into the high amplitude
signal, to be then supplied via the butler to the demultiplexer
140.

The mspection circuit 200 1includes various logical opera-
tion circuits such as an AND circuit and an OR circuit, where
some of the logical operation circuits are specified by
combining, via a “_” (underbar), a reference sign noted at
the vicimity and a reference sign marked inside the logical
operation circuit, due to limitations of space. For example,
a sign of “Anl” 1s given to collectively designate four pieces
of the AND circuits, where numbers of “1” to “4” are given
in this order to the insides of the four pieces of the AND
circuits. Accordingly, for example, among the four pieces of
the AND circuits to which the sign of “Anl” 1s given, the
inside of the leftmost AND circuit 1in the figure 1s denoted by
a sign of “17, thus, the reference sign for the leftmost AND
circuit 1s mdicated by Anl_1.

The inspection circuit 200 includes a sequential output
circuit 210.

The end pulse EpyR output from the scanning line drnive
circuit 130R 1s input to the sequential output circuit 210. The
sequential output circuit 210 1s configured to delay the end
pulse EpyR by two periods of the clock signal Cly, and to
supply the end pulse EpyR to one of two mnput ends of an OR
circuit Or3. Note that the end pulse EpyL output from the
scanning line drive circuit 130L 1s supplied via the butler to
the other of the two mput ends of the OR circuit Or3.

The sequential output circuit 210 includes delay circuits
SR1 to SR4 and AND circuits Anl_1 to Anl_4. The delay
circuits SR1 to SR4 correspond one-to-one to the AND
circuits Anl_1 to Anl_4, where among these circuits, the
delay circuits SR1 to Sr4 of the four stages are cascaded. The
delay circuits SR1 to SR4 are each configured to output
pulses, which are input to these delay circuits, 1n synchro-
nization with the clock signal Cly and the clock signal/Cly
described above, by delaying as much as the half period of
the clock signal Cly.

Note that in FIG. 5, the clock signal/Cly 1s omitted. Also,
the delay circuit SR1 1n the first stage 1s configured to be
input with the end pulse EpyR, and the pulse output from the
delay circuit SR4 at the fourth stage 1s supplied to the OR
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circuit Or3. A one AND circuit, among the AND circuits
Anl_1 to Anl_4, 1s configured to output a logical product
signal of an iput signal to the delay circuit corresponding
to the AND circuit and an output signal from the delay
circuit. For example, the AND circuit Anl_2 1s configured to
output a logical product signal of an input signal to the delay
circuit SR2 corresponding to the AND circuit Anl_2 and an
output signal from the delay circuit SR2.

The 1mspection circuit 200, 1n addition to the sequential

output circuit 210, includes AND circuits An2_1 to An2 4,
OR circuits Orl_1, Orl_2, Or2, and Or3, transier gates Swl
and Sw2, and a NOT circuit Invl.

The AND circuit An2_1 1s configured to output a logical
product signal of the control signal Sell 1nput to the demul-
tiplexer 140 and a signal output from the AND circuit
Anl_1. Similarly, the AND circuit An2_2 is configured to
output a logical product signal of the control signal Sel2
input to the demultiplexer 140 and a signal output from the
AND circuit Anl_2, the AND circuit An2_3 1s configured to
output a logical product signal of the control signal Sel3
input to the demultiplexer 140 and a signal output from the
AND circuit Anl_3, and the AND circuit An2_4 1s config-
ured to output a logical product signal of the control signal
Sel4 iput to the demultiplexer 140 and a signal output from
the AND circuit Anl 4.

The OR circuit Orl_1 1s configured to output a logical
sum signal of a signal output from the AND circuit An2 1
and a signal output from the AND circuit An2_2, and the OR
circuit Orl_2 1s configured to output a logical sum signal of
a signal output from the AND circuit An2_3 and a signal
output from the AND circuit An2_4.

The OR circuit Or2 1s configured to output a logical sum
signal of a signal output from the OR circuit Orl_1 and a
signal output from the OR circuit Orl_2.

The OR circuit Or3 1s configured to output a logical sum
signal of the signal SR(4) output {from the sequential output
circuit 210 and the end pulse EpyL, which have passed
through the buitler.

The transfer gates Swl and Sw2 are switches that are
configured to be switched ON between an input end and an
output end, provided that a signal at a positive control end
that 1s not marked with a circle 1con 1s at the H level and a
signal at a negative control end marked with the circle 1con
1s at the L level, and are configured to be switched OFF
between the input end and the output end, provided that the
signal at the positive control end 1s at the L level and the
signal at the negative control end 1s at the H level.

The mput end of the transfer gate Sw1 1s configured to be
input with a signal output from the OR circuit Or2, and the
input end of the transfer gate Sw2 1s configured to be 1mput
with a signal output from the OR circuit Or3.

The positive control end of the transfer gate Sw1 and the
negative control end of the transier gate Sw2 are supplied
with the signal Mode supplied from the display control
circuit described above or an adjustment device, and the
negative control end of the transfer gate Swl and the
positive control end of the transfer gate Sw2 are supplied
with a signal, which 1s logically inverted by the NOT circuit
Invl from the signal Mode.

Accordingly, the transfer gates Swl and Sw2 mutually
and exclusively turns ON or OFF. Specifically, the transfer
gate Swl turns ON and the transier gate Sw2 turns OFF,
provided that the signal Mode 1s at the H level. While the
transier gate Swl turns OFF and the transfer gate Sw2 turns
ON, provided that the signal Mode 1s at the L level. A signal
output from the transfer gate Swl or Sw2 passes through the
butler to be output as the signal Tout.
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Further, the signal Mode 1s set to the L level when the
scanning line drive circuits 130L and 130R are subjected to
an inspection, while the signal Mode 1s set to the H level
when the control signals Sell to Sel4 are monitored to adjust
a timing and the like.

An operation ol the inspection circuit 200 will be
described. FIG. 6 1s an explanatory chart illustrating the
operation of the inspection circuit 200 of the electro-optical
device 10 according to the first embodiment.

First, an operation when the signal Mode 1s at the L level
to 1mspect the scanning line drive circuits 130L and 130R
will be described. The transfer gate Swl turns OFF and the
transier gate Sw2 turns ON provided that the signal Mode 1s
at the L level, and thus the signal Tout 1s an output signal
from the OR circuit Or3.

The start pulse Dy 1s delayed by (m/2) periods of the clock
signal Cly by the delay circuits Srl to Srm of the scanning
line drive circuit 130L, to be output as the end pulse EpyL.
Note that the signal Sr(m) output from the delay circuit Srm
in the final stage 1s the end pulse EpyL, where the end pulse
EpyL 1s supplied to the other of the two input ends of the OR
circuit Or3.

The start pulse Dy 1s also delayed by the (m/2) periods of
the clock signal Cly by the delay circuits Srl to Srm of the
scanning line drive circuit 130R, to be sequentially 1nput, as
the end pulse EpvyR, to the sequential output circuit 210.
Note that 1n FIG. 6, the end pulse EpyL 1s slightly delayed
from the end pulse EpyR, which 1s due to a difference 1n a
wiring length and an influence of the bufler.

The end pulse EpyR 1s delayed by the delay circuits SR1
to SR4 of the sequential output circuit 210 for the two
periods of the clock signal Cly, to be supplied to one of the
two 1put ends of the OR circuit Or3.

Accordingly, 1in the logical sum signal output as the signal
Tout from the OR circuit Or3 when the signal Mode is at the
L level, the end pulse EpyL supphed to the input end of the
OR circuit Or3 without passing through the delay circuits
SR1 to SR4, and the end pulse EpyR (=signal SR(4)) having
been delayed by the two periods of the clock signal Cly by
the delay circuits SR1 to SR4 appear without being super-
imposed on each other.

Thus, when the display control circuit or the adjustment
device sets the signal Mode to the L level, and it can be
determined that the scanning line drive circuit 130L 1s
normal, provided that a waveform corresponding to the end
pulse EpyL appears in the signal Tout at the time when the
(m/2) periods of the clock signal Cly have elapsed after the
supply of the start pulse Dy, and it can be determined that the
scanning line drive circuit 130R (and the sequential output
circuit 210) 1s normal, provided that a waveform corre-
sponding to the end pulse EpyR appears 1n the signal Tout
at a time when the two periods of the clock signal Cly have
further elapsed.

Next, an operation when the signal Mode 1s at the H level
to adjust timings of the control signals Sell to Seld will be
described. The transfer gate Swl turns ON and the transfer
gate Sw2 turns OFF provided that the signal Mode 1s at the
H level, and thus the signal Tout 1s an output signal from the
OR circuit Or2.

The end pulse EpyR output from the scanning line drnive
circuit 130R 1s delayed stepwise by the half period of the
clock signal Cly by the delay circuits SR1 to SR4 of the
sequential output circuit 210. A logical product signal of the

input signal and the output signal at each of the delay circuits
SR1 to SR4 1s output from the AND circuits Anl_1 to

Anl_4.
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Specifically, a superimposed portion, which 1s at the H
level, of the end pulse EpyR being an mput to the delay
circuit SR1 and the signal SR(1) output from the delay
circuit Srl, 1s output from the AND circuit Anl_1. Similarly,
a superimposed portion of the signal SR(1) being an mput to
the delay circuit SR2 and the signal SR(2) output from the
delay circuit SR2 1s output from the AND circuit Anl_2, a
superimposed portion of the signal SR(2) being an mput to
the delay circuit SR3 and the signal SR(3) output from the
delay circuit SR3 1s output from the AND circuit Anl_3, and
a superimposed portion of the signal SR(3) being an mput to
the delay circuit SR4 and the signal SR(4) output from the
delay circuit SR4 is output from the AND circuit Anl_4.
Specifically, during the period T11, the output signal from
the AND circuit Anl_1 1s set to the H level, and the output
signals from the AND circuits Anl_2, Anl_3, and Anl_4 are
set to the L level. Stmilarly, in the period T12 following the
period T11, the output signal from the AND circuit Anl_2 1s
set to the H level, and the output signals from the AND
circuit Anl 1, Anl 3, and Anl 4 are set to the L level.
During the period T13 following the period 112, the output
signal from the AND circuit Anl_3 is set to the H level, and
the output signals from the AND circuits Anl_1, Anl_2, and
Anl_4 are set to the L level. In the period T14 following the
period T13, the output signal from the AND circuit Anl_4
1s set to the H level, and the output signals from the AND
circuits Anl 1, Anl 2, and Anl 3 are set to the L level.

During the period T11, the AND circuit An2_1 1s config-
ured to output a signal reflecting a logic of the control signal
Sell supplied to the demultiplexer 140, and the AND circuits
An2 2, An2_3, and An2_4 are all configured to output the
L level, irrespective of the control signals Sel2, Sel3, and
Seld.

Similarly, in the period 112, the AND circuit An2 2 1is
configured to output a signal retlecting a logic of the control
signal Sel2 supplied to the demultiplexer 140, and the AND
circuits An2_1, An2_3, and An2_4 are all configured to
output the L level. During the period 113, the AND circuit
An2_3 1s configured to output a signal reflecting a logic of
the control signal Sel3 supplied to the demultiplexer 140,
and the AND circuits An2 1, An2 2, and An2 4 are all
configured to output the L level. During the period 114, the
AND circuit An2_4 1s configured to output a signal reflect-
ing a logic of the control signal Seld supplied to the
demultiplexer 140, and the AND circuits An2_1, An2_2, and
An2_3 are all configured to output the L level.

The output signal from the OR circuit Or2 1s a logical sum
signal of the AND circuit An2_1, An2 2, An2_3, and
An2_4. Thus, when the signal Mode 1s at the L level, only
a wavelorm reflecting the control signal Sell appears in the
signal Tout during the period 111, only a wavetform retlect-
ing the control signal Sel2 appears during the period 112,
only a waveform reflecting the control signal Sel3 appears
during the period T13, and only a waveform retlecting the
control signal Seld appears during the period T14.

It 1s possible to adjust the timings of the control signals
Sell to Seld by monitoring a wavetorm, upstream of the
signal, at the output end of the display control circuit or the
adjustment device, for example. However, actually in the
clectro-optical device 10, the control signals Sell to Seld are
supplied, via the level shifter, the bufler, a wiring, or the like,
to the demultiplexer 140, and thus it 1s preferred to monitor
a wavetorm, downstream of the signal, at the mput end of
the demultiplexer 140, for example.

In the first embodiment, when the display control circuit
or the adjustment device sets the signal Mode to the H level,
wavelorms reflecting the control signals Sell to Seld4 having,

10

15

20

25

30

35

40

45

50

55

60

65

12

actually reached the demultiplexer 140 appear 1n the signal
Tout 1n a state of being separated during the periods T11 to
114,

Accordingly, the control signals Sell to Seld4 having
reached the demultiplexer 140 are clearly distinguished,
which facilitates adjusting the timings of the control signals
Sell to Seld while monitoring the control signals Sell to
Seld having reached the demultiplexer 140 via the level
shifter or the builer.

-

Io describe 1n detail advantageous eflects of the first
embodiment, 1t 1s suflicient to provide, when intending only
to monitor the waveform of the mput end of the demulti-
plexer 140, four pieces of mspection terminals for outputting,
the control signals Sell to Seld4 having reached the demul-
tiplexer 140 1n the electro-optical device 10.

However, due to a strong demand for miniaturization for
the electro-optical device 10 such as that used as a light
valve of a liquid crystal projector, there 1s a circumstance in
which 1t 1s desired to avoid a configuration that consumes a
limited space for the inspection terminals as much as pos-
sible. In the first embodiment, the description 1s given such
that the number of the control signals Sel 1s “4”, and an 1ssue
that the space 1s consumed for the inspection terminals
becomes more significant when the number 1s expanded to
“”, “16™, .. ..

In contrast, 1n the first embodiment, it 1s suflicient to use
only one 1nspection terminal, which 1s a terminal from which
the signal Tout 1s output.

Next, when using only one inspection terminal, 1t 1s
simply conceivable to employ a configuration for outputting
a logical sum signal of the control signals Sell to Secl4
having reached the demultiplexer 140 1n the electro-optical
device 10. Taking this configuration into consideration as a
comparative example for a purpose of explanation, where 1n
the comparative example, 1t 1s difhcult to distinguish a
difference among the control signals Sell to Seld having
reached the demultiplexer 140.

This point will be described with reference to FIG. 18.

When the control signals Sell to Seld are illustrated 1n
FIG. 18A and the logical sum signal of the control signals
Sell to Seld4 are denoted as Tout as 1n the first embodiment,
then the signal Tout will ideally be the waveform as 1llus-
trated in the figure.

However, the wavetform of the signal Tout, as influenced
by a capacitor and the like that 1s parasitic to the interior of
the electro-optical device 10, have a tendency to become
dull as 1llustrated 1in FIG. 18B.

An interval Ta between respective adjacent signals among
the control signals Sell to Seld, that 1s, a period 1n which the
control signals Sell to Sel4 are all at the L level 1s shortened
for achieving high defimition, for increasing the number of
control signals, or for the like, 1t becomes difficult for the
control signals Sell to Seld to detect the waveform edges
due to the dull waveform of the signal Tout, as illustrated 1n
FIG. 18C. For example, a falling end of the signal Tout 1n
accordance with the control signal Sell 1s to be detected. In
this case, a period 1s set to detect a time at which an output
voltage of the signal Tout reaches 50% of the drive voltage,
for example. However, the period may include a plurality of
wavelorm edges, such as the falling end of the signal Tout
in accordance with the control signal Sell, a rising end of the
signal Tout 1n accordance with the control signal Sel2, and
a falling end of the signal Tout 1n accordance with the
control signal Sel2 1n case of high speed driving. This makes
it impossible to 1dentify which 1s the falling end of the signal
Tout corresponding to the control signal Sell.
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In contrast, in the first embodiment, a logical product
signal of the control signals Sell to Seld having reached the
demultiplexer 140 and signals from the AND circuits Anl_1
to Anl_4, which are sequentially delayed stepwise by the
half period of the clock signal Cly to be exclusively output,
1s output as the signal Tout. Accordingly, as illustrated 1n
FIG. 6, 1n the signal Tout, the interval between the respective
wavelorms reflecting the control signals Sell to Sel4
expands to the period Tb that 1s not less than the half-period
of the clock signal Cly, to facilitate the identification. Thus,
in an actual drive condition, the signal Tout can be moni-
tored to observe the waveform edges of the control signals
Sell to Seld. In response to the result of observation of the
wavelorm edges, the data signal can be adjusted to an
appropriate timing to be supplied, to improve the display
quality. Moreover, the signal Tout 1s output as an eflective
signal only in four horizontal periods during one vertical
period, to suppress the power consumption.

Note that the buller provided 1n a path of the signal Tout
1s provided to withstand a drive load to an external device
such as the display control circuit or the adjustment device,
however, 1n the first embodiment, the interval between the
respective wavetorms retlecting the control signals Sell to
Seld4 expands, thus becoming less susceptible to the wave-
form dullness. Accordingly, the builer described above,
which 1s not required to have a high capability, can be
mimaturized to make the circuit size compact.

In the first embodiment, when the signal Mode 1s at the L
level, 1t can be determined that the scannming line drive
circuits 130L and 130R and the sequential output circuit 210
are normal, provided that the wavelform corresponding to the
end pulse EpyL and the waveform corresponding to the end
pulse EpyR appear 1n the signal Tout.

In the first embodiment, only the sequential output circuit
210 can be further determined whether normal or not in such
a way below, for example. When the display control circuit
or the adjustment device sets the signal Mode to the H level
and sets all of the control signals Sell to Seld to the H level,
the sequential output circuit 210 can be determined to be
normal, provided that the signal Tout 1s at the H level
throughout the periods T11 to T14, while the sequential
output circuit 210 can be determined to be abnormal, pro-
vided that the signal Tout 1s at the L level 1in any one of the
periods T11 to T14.

Note that 1n the first embodiment, the transfer gates Swil
and Sw2 are configured to select the output signal from the
OR circuit Or2 provided that the signal Mode 1s at the H
level, and to select the output signal from the OR circuit Or3
provided that the signal Mode 1s at the L level, where these
selections may be iterchanged. The OR circuits Orl_1 and
Orl1l_2 may have a configuration in which the OR circuit
Or2 1s omitted, as a four-input OR circuit. Further, the
transter gates Swl and Sw2 are one example of a configu-
ration for exclusively selecting the output signal from the
OR circuit Or2 or the output signal from the OR circuit Or3.
Accordingly, other configurations may be employed, which
include, for example, a logical operation circuit such as a
NAND circuit as 1n the fifth embodiment described below,
as long as a configuration for exclusively selecting the
output signal from the OR circuit Or2 or the output signal
from the OR circuit Or3.

In the first embodiment, the scanning line drive circuits
130L and 130R have a configuration in which the start pulse
Dy 1s mput from above 1 FIG. 1 or FIG. 5 and 15 sequen-
tially transterred downward, however, the scanning line
drive circuits 130L and 130R may be configured to be
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switchable from a case where the start pulse Dy 1s input from
below and 1s sequentially transferred upward.

In addition, the sequential output circuit 210 1s configured

to include the delay circuits SR1 to SR4 and the AND
circuits Anl_1 to Anl_4 1n the first embodiment, however,
for example, a circuit such as a decoder may also be
employed as long as being able to acquire the output
wavetorms from the AND circuits Anl 1 to Anl 4 1n FIG.
6 for the end pulse EpyR.

Next, a modification example of the first embodiment will
be described. FIG. 7 1s a diagram 1llustrating a configuration
of the inspection circuit 200 and the like according to a

modification example of the first embodiment.

In FIG. 7, the OR circuit Or3 in FIG. 5 1s replaced by a
NOT circuit Inv2 and a NOR circuit Norl. Specifically, one
of two mput ends of the NOR circuit Norl 1s supplied with
the signal SR(4) output from the sequential output circuit
210, and the other of the two mput ends of the NOR circuit
Norl 1s supplied via the bufller with the end pulse EpyL
output from the scanning line drive circuit 130L, which 1s
logically inverted by the NOT circuit Inv2.

Note that 1n this modification example, the operation
when the signal Mode 1s at the H level 1s the same operation
as 1n the first embodiment, and thus a description will be
given of a case 1n which the signal Mode 1s at the L level for
the modification example.

FIG. 8 1s an explanatory chart 1llustrating an operation of
the nspection circuit 200 of the electro-optical device 10
according to the modification example of the first embodi-
ment.

When the start pulse Dy of clockwise rotation 1s supplied
to the scanning line drive circuits 130L and 130R, the start
pulse Dy of clockwise rotation 1s output as the end pulse
EpyL during the period T1, provided that the scanning line
drive circuit 130L 1s normal.

Note that the start pulse Dy of clockwise rotation 1s a
positive pulse having a logic level that i1s the same as 1n the
first embodiment. Also, the period T1 has the period length
ol the one period of the clock signal Cly, with a starting point
in time when the (m/2) periods of the clock signal Cly have
clapsed after the start pulse Dy has been supplied. The end
pulse EpyL 1s logically inverted by the NOT circuit Inv2 to
be output as an end pulse/EpyL. The signal Sr(4) 1s at the L
level 1n the period T1, and thus the output signal from the
NOR circuit Norl 1s to be the same signal as a signal
re-inverted from the end pulse/EpyL, that 1s, the end pulse
EpyL.

Accordingly, the output signal from the NOR circuit Norl
appears during the period T1 as the wavelform corresponding
to the end pulse EpyL.

On the other hand, 1n the period T2 that the two periods
of the clock signal Cly have elapsed from the T1 period, the
end pulse EpyR output from the scanning line drive circuit
130R 1s output as the signal SR(4) by the sequential output
circuit 210, provided that the scanning line drive circuit
130R 1s normal. However, in the period T2, the end pulse/
EpyL 1s at the H level, and thus the output signal from the
NOR circuit Norl 1s at the L level, regardless of the logic
level of the signal SR(4).

Thus, the start pulse Dy of clockwise rotation 1s supplied
when the signal Mode 1s at the H level, then, only the
wavelorm corresponding to the end pulse EpyL appears in
the signal Tout during the period T1.

When the start pulse Dy of counter-clockwise rotation 1s
supplied to the scanning line drive circuits 130L and 130R,
the start pulse Dy of counter-clockwise rotation 1s output as
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the end pulse EpyL during the period 11, provided that the
scanning line drive circuit 130L 1s normal.

Note that the start pulse Dy of counter-clockwise rotation
1s a negative pulse that a start pulse of clockwise rotation 1s
logically inverted. The end pulse EpvyL 1s logically inverted
by the NOT circuit Inv2 to be output as the end pulse/EpyL.

However, the signal SR(4) 1s at the H level 1n the period T1,
and thus the output signal output from the NOR circuit Norl
1s at the L level, irrespective of the end pulse/EpyL.

On the other hand, 1n the period T2, the end pulse EpyR
output from the scanmng line drive circuit 130R 1s output as
the signal SR(4) by the sequential output circuit 210, pro-
vided that the scanning line drive circuit 130R 1s normal. In
the period T2, the end pulse/EpyL 1s at the L level.

Thus, the start pulse Dy of counter-clockwise rotation 1s
supplied when the signal Mode 1s at the H level, then, only
the wavelorm corresponding to the end pulse EpyR appears
in the signal Tout during the period T2.

As such, according to the modification example of the first
embodiment, the start pulse Dy of clockwise rotation or
counter-clockwise rotation 1s supplied to cause only the
wavelorm corresponding to either one of the end pulse EpyL
or EpyR to appear in the signal Tout. Thus, it 1s possible,
when the signal Mode 1s at the L level, to clearly distinguish
which waveform of the end pulses EpyL or EpyR 1s reflected
in the signal Tout.

Note that 1n this modification example, the operation
when the signal Mode 1s at the H level 1s the same as that in
the first embodiment, and thus advantageous eflects when
the signal Mode 1s at the H level are the same.

Next, a second embodiment will be described. FIG. 9 1s
a diagram 1llustrating a configuration of the electro-optical
device 10 according to the second embodiment.

In FI1G. 9, the input signal to the sequential output circuit
210 1 FIG. 5 1s replaced from the output signal from the
scanning line drive circuit 130R to an output signal from the
OR circuit Ord. Specifically, one of two 1mput ends of the OR
circuit Ord 1s supplied with the end pulse EpyR output from
the scanning line drive circuit 130R, and the other of the two
input ends of the OR circuit Ord 1s supplied with the start
pulse Dy.

In the first embodiment, when, for example, the scanning,
line drive circuit 130R 1s abnormal, the start pulse Dy 1s not
transierred and the end pulse EpyR fails to appear in the
output signal from the signal SR(m), and when the signal
Mode 1s constantly at the L level, 1t 1s impossible to monitor
the control signals Sell to Seld4 reaching the demultiplexer
140. When mtending only to distinguish a defective product
of the electro-optical device 10, there 1s no 1ssue even when
the control signals Sell to Seld cannot be monitored because
the scanning line drive circuit 130R has already been found
to be defective.

However, there 1s a demand for monitoring the control
signals Sell to Sel4 i order to improve the vyield of the
clectro-optical device 10, even 1f the scanning line drive
circuit 130R 1s abnormal. According to the second embodi-
ment, the start pulse Dy 1s sequentially input via the OR
circuit Ord to the sequential output circuit 210, and thus the
control signals Sell to Seld reaching the demultiplexer 140
can be monitored, even 1f the scanning line drive circuit
130R 1s abnormal.

Note that 1n the second embodiment, the configuration 1s
the same as 1n the first embodiment for elements other than
the OR circuit Ord. Accordingly, in the second embodiment
as well, similar advantageous eflects can be achieved as 1n
the first embodiment.
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Next, a third embodiment will be described. FIG. 10 1s a
diagram 1llustrating a configuration of the inspection circuit
200 and the like of the electro-optical device 10 according
to the third embodiment.

In FIG. 10, positions at which the control signals Sell to
Seld4 are collected 1n the demultiplexer 140 differ from those
in the first embodiment 1n FIG. 5 or the second embodiment
in FIG. 9. Specifically, 1n the first embodiment, the configu-
ration 1s employed 1n which the four pieces of signal lines
142 are supplied with the control signals Sell to Sel4 from
the B side 1n FIG. 3 and the sequential output circuit 210 1s
also coupled to the B side to collect the control signals Sell
to Seld at the supply side.

In contrast, in the third embodiment, a configuration 1s
employed in which the four pieces of signal lines 142 are
supplied with the control signals Sell to Seld from the A
side, and the sequential output circuit 210 1s coupled to the
B side to collect the control signals Sell to Sel4 at the output
side.

According to the third embodiment, the control signals
Sell to Seld can be monitored 1n a state of not only reaching
the demultiplexer 140, but also including the waveform
dullness or a delay caused by passing through the signal line
142.

Thus, according to the third embodiment, the control
signals Sell to Seld4 output from the display control circuit
or the adjustment device can be adjusted at a more appro-
priate timing.

Note that in the third embodiment, only supply paths of
the control signals Sell to Seld4 to the demultiplexer 140
differ from those of the second embodiment illustrated 1n
FIG. 9. Accordingly, in the third embodiment as well,
similar advantageous eflects can be achieved as in the
second embodiment.

Next, a fourth embodiment will be described. FIG. 11 1s
a diagram 1llustrating a configuration of the inspection
circuit 200 and the like of the electro-optical device 10
according to the fourth embodiment.

In FIG. 11, the following points mainly differ from the
second embodiment illustrated 1in FIG. 9. That 1s, the fourth
embodiment differs from the second embodiment 1n that the
number of the stages of the sequential output circuit 210 1s

different, and AND circuits An3 1 to An3 4, and OR
circuits OrS_1, Or5 2, Or6, and Or7 are included.

Note that a collection section for collecting the control
signals Sell to Sel4 mean, but not limited to, an end portion
ol a wiring pattern in plan view of the signal line 142. The
collection section may be any portion as long as after
passing through switch groups constituting the demulti-
plexer 140 when viewed from the input side of the control
signals Sell to Sel4.

Because the wavetorm dullness of the control signal Sel
1s almost saturated even remaining some of the switch
groups constituting the demultiplexer 140, the collection
section for collecting the control signals Sell to Sel4 may be
provided at a middle of the demultiplexer 140. In other
words, there may be a switch that constitutes the demulti-
plexer 140 before and after the collection section of the
control signals Sell to Seld.

In the fourth embodiment, the sequential output circuit
210 has the delay circuits SR1 to SR8 1n e1ght stages, where
the output signal from the delay circuit SR8 1n the final stage
1s supplied to one of the two mput ends of the OR circuit
Or3. In addition, at the sequential output circuit 210, the
AND circuit Anl_1 1s configured to output a logical product
signal of the mput signal to the delay circuit SR3 and the
output signal from the delay circuit SR3, the AND circuit
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Anl_2 1s configured to output a logical product signal of the
input signal to the delay circuit SR4 and the output signal
from the delay circuit SR4, the AND circuit Anl_3 1s
configured to output a logical product signal of the input
signal to the delay circuit SRS and the output signal from the
delay circuit SRS, and the AND circuit Anl_4 1s configured
to output a logical product signal of the mput signal to the
delay circuit SR6 and the output signal from the delay circuit
SR6.

Further, the AND circuit An3_1 1s configured to output a
logical product signal of the output signal from the AND
circuit Anl_1 and the control signal Sell converted into a
high amplitude 81gnal by the level shifter. Note that the
control signal Sell 1s a signal before put to the bufler.
Similarly, the AND circuit An3_2 1s configured to output a
logical product signal of the output signal of the AND circuit
Anl_2 and the control signal Sel2 converted by the level
shifter into a high amplitude signal, the AND circuit An3_3
1s configured to output a logical product signal of the output
signal from the AND circuit Anl_3 and the control signal
Sel3 converted by the level shifter imnto a high amplitude
signal, and the AND circuit An3_4 1s configured to output a
logical product signal of the output signal from the AND
circuit Anl_4 and the control signal Seld converted by the
level shifter into a high amplitude signal.

The OR circuit Or5_1 1s configured to output a logical
sum signal of the output signal from the AND circuit An3_1
and the output signal from the AND circuit An3_2, and the
OR circuit Or5_2 1s configured to output a logical sum signal
of the output signal from the AND circuit An3_3 and the
output signal from the AND circuit An3_4.

The OR circuit Or6 1s configured to supply a logical sum
signal of the output signal from the OR circuit Or5_1 and the
output signal from the OR circuit Or3_2 to the input end of
the transier gate Sw2.

Note that a signal selected by the transfer gates Sw1 and
Sw2 1s supplied to one of two 1nput ends of the OR circuit
Or7, and the output signal from the OR circuit Or3 1is
supplied to the other of the two mput ends of an OR circuit
Or7.

In the fourth embodiment, an output signal from the OR

circuit Or7, that 1s, a logical sum signal of a selection signal
by the transfer gates Swl and Sw2 and the output signal
from the OR circuit Or3 1s output as the signal Tout via the
builer.
Note that in the fourth embodiment, the signal Mode 1s
simply a signal speciiying the turning ON of any one of the
transier gates Swl and Sw2, rather than a signal specifying,
a switching of a case of mspecting the scanning line drive
circuits 130L and 130R, or a case of adjusting the timings of
the control signals Sell to Seld.

FI1G. 12 1s an explanatory chart 1llustrating an operation of
the mspection circuit 200 of the electro-optical device 10
according to the fourth embodiment.

In the fourth embodiment, when the signal Mode 1s at the
H level, the transier gate Sw1 turns ON and the transfer gate
Sw2 turns OFF. Accordingly, the signal Tout 1s a logical sum
signal of the end pulse EpyL by the scanning line drive
circuit 130L, the signal SR(8) that the end pulse EpyR by the
scanning line drive circuit 130R 1s delayed by the sequential
output circuit 210, and a signal extracted, in response to the
output signals from the AND circuits Anl_1 to Anl_4, from
the control signals Sell to Seld output from the bufler. Note
that the end pulse EpyR by the scanning line drive circuit
130R 1s delayed by four periods of the clock signal Cly by
the sequential output circuit 210, to be output as the signal

SR(8).
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In the fourth embodiment, when the signal Mode 1s at the
H level, a wavelorm reflecting the end pulse EpyL 1nitially
appear 1n the signal Tout. Subsequently, the respective
wavelorms reflecting the control signals Sell to Seld, which
have passed through the level shifter and bufler, appear in
this order in each of the periods T21 to T24. Lastly, a
wavelorm reflecting the end pulse EpyR delayed by the
sequential output circuit 210 appears.

On the other hand, in the fourth embodiment, when the
signal Mode 1s at the L level, the transfer gate Swl turns
OFF and the transfer gate Sw2 turns ON. Accordingly, the
signal Tout 1s a logical sum signal of the end pulse EpyL, the
signal SR(8) that the end pulse EpyR 1s delayed by the
sequential output circuit 210, and a signal extracted, in
response to the output signals from the AND circuits Anl_1
to Anl_4, from the control signals Sell to Seld having been
converted mto a high amplitude signal by the level shiiter.

In the fourth embodiment, when the signal Mode 1s at the
L level, the end pulse EpyL, the end pulse EpyR delayed by
the sequential output circuit 210, and the signal extracted, in
cach of the periods 121 to 124, from the control signals Sell
to Seld 1n this order, which have passed through the level
shifter, but not have passed through the bufler, appear in the
signal Tout.

Thus, according to the fourth embodiment, a difference
between the signal Tout when the signal Mode 1s at the H
level and the signal Tout when the signal Mode 1s at the L
level 1s examined, to facilitate specifying a portion that 1s
defective.

Specifically, the waveform reﬂecting the control signal
Sel2 appears, during the period 122, 1n the signal Tout when
the signal Mode 1s at the L level, and it can be specified that
the buller for the control signal Sel2 1s defective while the
level shifter for the control signal Sel2 1s normal, provided
that the wavetorm retlecting the control signal Sel2 does not
appear, during the period 122, in the signal Tout when the
signal Mode 1s at the H level.

In another example, when a selection Duty of the control
signal Sel2 1s increased as a case when the signal Mode 1s
at the L level, 1t can be determined that the level shifter for
the control signal Sel2 cannot be operating at a predeter-
mined speed 1n such a case when a signal reflecting the
control signal Sel2 appears in the signal Tout.

A fifth embodiment will be described. FIG. 13 1s a
diagram 1illustrating a configuration of the ispection circuit
200 and the like of the electro-optical device 10 according
to the fifth embodiment.

In FIG. 13, the following points mainly differ from the
fourth embodiment 1illustrated in FIG. 11. That 1s, the fifth
embodiment differs from the fourth embodiment in 1nclud-
ing a NOR circuit Nrl, NAND circuits Nd1 to Nd5, a NOT
circuit Inv4, and an OR circuit Or8, mstead of not including
the AND circuits An3 1 to An3 4, the OR circuits Or5_1,
Or5 2, Or6, and Or7, the NOT circuit Invl, and the transfer
gates Swl and Sw2.

Further, in the fifth embodiment, although some of the
paths are omitted, the clock signal Cly 1s being supplied, via
the level shifter and bufler, to the NOR circuit Nrl, the
NAND circuit Nd1, the scanning line drive circuits 130L and
130R, and the sequential output circuit 210.

The NOR circuit Nrl and the NAND circuit Nd1 are
logical operation circuits for inspecting five pieces in total of
the level shifters that convert the control signals Sell to Sel4
and the clock signal Cly into high amplitude signals. Among
these components, the NOR circuit Nrl 1s configured to
generate, while being 1n a first state, a negative logical sum
signal of the control signals Sell to Seld having passed
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through the level shifter and the clock signal Cly having
passed through the level shifter and bufler, and to output the
negative logical sum signal. Note that the first state refers to
a state where the control signals Sell to Seld and the clock
signal Cly are all output at the L level by the display control
circuit or the adjustment device. The NOT circuit Inv3 1s
coniigured to output a negative signal of an output signal by
the NOR circuit Nrl.

The NAND circuit Nd1 1s configured to generate, while
being 1n a second state, a negative logical product signal of
the control signals Sell to Seld having passed through the
level shifter and the clock signal Cly having passed through
the level shifter and bufler, and to output the negative logical
product signal. Note that the second state refers to a state
where the control signals Sell to Sel4 and the clock signal
Cly are all output at the H level by the display control circuit
or the adjustment device.

The NAND circuit Nd2 1s configured to output a negative
logical product signal of the output signal from the NOT
circuit Inv3 and the output signal from the NAND circuit

Nd1.

On the other hand, in the fifth embodiment, the signal
Mode 1s supplied to an input end of the NOT circuit Inv4 and

one of two 1nput ends of the NAND circuit Nd4. The NAND
circuit Nd3 1s configured to output a negative logical product
signal of the output signal from the NAND circuit Nd2 and
an output signal from the NOT circuit Inv4.

Further, the OR circuit Or8 1s configured to output a
logical sum signal of the output signal from the OR circuit
Or2 and the output signal from the OR circuit Or3 to the
other of the two mput ends of the NAND circuit Nd4. The
NAND circuit Nd4 1s configured to output a negative logical

product signal of an output signal from the OR circuit Or8
and the signal Mode, the NAND circuit Nd5 1s configured to
output a negative logical product signal of the output signal

from the NAND circuit Nd3 and the output signal from the
NAND circuit Nd4. In the fifth embodiment, the signal Tout

1s the output signal from the OR circuit Or8, provided that

the signal Mode 1s at the H level, and 1s an output signal
from the NAND circuit Nd2, provided that the signal Mode

1s at the L. level. That 1s, the NAND circuits Nd3 to NdS and
the NOT circuit Inv4 of the fifth embodiment function as
selection circuits that are similar to the transfer gates Swil
and Sw2 1n the first embodiment and the like.

FI1G. 14 1s an explanatory chart 1llustrating an operation of
the mspection circuit 200 of the electro-optical device 10
according to the fifth embodiment.

In the fifth embodiment, when the signal Mode is at the
H level, the wavetorm reflecting the end pulse EpyL mnitially
appear 1n the signal Tout. Subsequently, the respective
wavelorms reflecting the control signals Sell to Seld, which
have passed through the level shifter and butler, appear in
this order 1 each of the periods 121 to T24. Lastly, the
wavetorm reflecting the end pulse EpyR delayed by the
sequential output circuit 210 appears.

In the first state where the display control circuit or the
adjustment device outputs, at the L level, all of the control
signals Sell to Seld and the clock signal Cly when the signal
Mode 1s at the L level, the signals at five input ends of the
NOR circuit Nrl are all set to the L level, provided that the
five pieces of the level shifters are all normally operating.
Accordingly, the output signal from the NOR circuit Nrl 1s
set to the H level. Thus, the output signal from the NOT
circuit Inv3 1s set to the L level. On the other hand, the output
signal from the NAND circuit Nd1 1s set to the H level.
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Accordingly, the output signal from the NAND circuit
Nd2 1s set to the H level, provided that the five pieces of the
level shifters are all normal.

The output signal from the NOR circuit Nrl 1s set to the
L. level, provided that any one of the level shifters is
abnormal. Thus, the output signal from the NOT circuit Inv3
1s set to the H level. The output signal from the NAND
circuit Nd1 1s set to the H level. That 1s, the output signal
from the NAND circuit Nd2 1s set to the L level. In the
second state where the display control circuit or the adjust-
ment device outputs, at the L level, all of the control signals
Sell to Seld and the clock signal Cly when the signal Mode
1s at the L level, the signals at the five input ends of the NOR
circuit Nrl are all set to the H level, provided that the five
pieces ol the level shifters are all normally operating.
Accordingly, the output signal from the NOR circuit Nrl 1s
set to the L level. Thus, the output signal from the NOT
circuit Inv3 1s set to the H level. On the other hand,
accordingly, the output signal from the NAND circuit Nd1
1s set to the L level.

Accordingly, the output signal from the NAND circuit
Nd2 i1s set to the H level, provided that the five pieces of the
level shifters are all normal.

The output signal from the NOR circuit Nrl 1s set to the
L. level, provided that any one of the level shifters is
abnormal. Thus, the output signal from the NOT circuit Inv3
1s set to the H level. The output signal from the NAND
circuit Nd1 1s set to the H level. That 1s, the output signal
from the NAND circuit Nd2 1s set to the L level. The signal
output as the signal Tout when the signal Mode 1s at the L
level 1s the output signal from the NAND circuit Nd2.

Accordingly, 1t can be determined, when the signal Mode
1s at the L level, that the five pieces of the level shifters are
all normal, provided that the signal Tout 1s at the H level
alter having passed through the first state and the second
state. In addition, when logically inverting a signal of any
one of the control signals Sell to Seld and the clock signal
Cly, the output of the signal Tout i1s set to the counter-
clockwise rotation, to enable a verification of an operation
speed of the level shifter for each of the signals.

Note that a signal output as the signal Tout when the
signal Mode 1s at the H level 1s the output signal {from the OR
circuit Or8. The output signal from the OR circuit Or8 1s a
logical sum signal of the output signal from the OR circuit
Or2 and the output signal from the OR circuit Or3, where the
logical sum signal 1s equivalent to the output signal from the
OR circuit Or7 when the signal Mode 1s at the H level 1n the
fourth embodiment.

Thus, the signal Tout when the signal Mode 1s at the H
level 1n the fifth embodiment has a similar waveform as 1n
the signal Tout when the signal Mode 1s at the H level 1n the
fourth embodiment.

As such, according to the fifth embodiment, an inspection
for the five pieces of the level shifters becomes possible 1n
addition to the mspection of the scanning line drive circuits
130L and 130R and the monitoring of the control signals
Sell to Sel4.

Note that 1n the fifth embodiment, the level shifter for the
clock signal Cly 1s added to the inspection targets in addition
to the control signals Sell to Seld, and other signals, that 1s,
for example, the clock signal/Cly, the start pulse signal Dy,
or the enable signal for shaping the scanming signal may be
included in the mspection targets.

Also, 1n the fifth embodiment, the NAND circuits Nd3 to
Nd5 and the NOT circuit Inv4 are configured to select the
output signal from the OR circuit Or8 provided that the
signal Mode 1s at the H level, and to select the output signal
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from the NAND circuit Nd2 provided that the signal Mode
1s at the L level, where these selections may be interchanged.

Next, a modification example of the fifth embodiment will
be described. FIG. 15 1s a diagram 1illustrating a configura-
tion of the mspection circuit 200 and the like according to
the modification example of the fifth embodiment.

In FIG. 15, the configuration of the sequential output
circuit 210 1n FIG. 13 1s modified.

Specifically, as illustrated 1n FIG. 15, first, the number of
the stages of the delay circuits of the sequential output
circuit 210 1s changed from “8” to “9”.

Next, a relationship between the delay circuit and the
AND circuits An_1 to An_4 of the sequential output circuit
210 1s modified. Specifically, the AND circuit Anl_1 1s
configured to output a logical product signal of the input
signal to the delay circuit SR6 and the output signal from the
delay circuit SR6, the AND circuit Anl_2 1s configured to
output a logical product signal of the mput signal to the
delay circuit SR7 and the output signal from the delay circuit
SR7, the AND circuit Anl_3 1s configured to output a logical
product signal of the mput signal to the delay circuit SR8
and the output signal from the delay circuit SR8, and the
AND circuit Anl_4 1s configured to output a logical product
signal of the mput signal to the delay circuit SR9 and the
output signal from the delay circuit SR9.

Moreover, the output signal from the sequential output
circuit 210 1s modified. Specifically, the output of the
sequential output circuit 210 1s changed to the output signal
from the delay circuit SR3, which 1s at a middle stage, rather
than the delay circuit in the final stage, and the output signal
SR(3) output from the delay circuit SR3 is supplied to one
of the two mput ends of the OR circuit Or3.

FI1G. 16 1s an explanatory chart i1llustrating an operation of
the mspection circuit 200 of the electro-optical device 10
according to the modification example of the fifth embodi-
ment.

The operation when the signal Mode 1s at the L level 1s the
same as in the fifth embodiment 1llustrated 1n FIG. 13.

In the modification example of the fifth embodiment, the
output signal from the sequential output circuit 210 is the
signal SR(3) output from the delay circuit SR3.

Accordingly, the wavetorm reflecting the end pulse EpyR
that appears 1n signal Tout when the signal Mode 1s at the H
level 1s to be delayed by 1.5 periods of the clock signal Cly
with respect to the wavetorm reflecting the end pulse EpyL.

In addition, the AND circuit Anl 1 1s set to the H level
in the period T31 1n which the signals SR(5) and SR(6) are
both set to the H level. Note that a start timing of the period
131 1s a timing at which the end pulse EpyR from the
scanning line drive circuit 130R 1s mput to the delay circuit
SR1 to be delayed by three periods of the clock signal Cly.

The AND circuit Anl_2 1s set to the H level 1n a period
132 following the period T31, 1in which the signals SR(6)
and SR(7) are both set to the H level. Similarly, the AND
circuit Anl_3 i1s set to the H level 1n a period 133 following
the period 132, in which the signals SR(7) and SR(8) are
both set to the H level, and the AND circuit Anl_4 1s set to
the H level 1n a period T34 following the period T33, in
which the signals SR(8) and SR(9) are both set to the H
level. Thus, 1n the modification example of the fifth embodi-
ment, the wavelorm reflecting the control signal Sell
appears, when the signal Mode 1s at the H level, in the signal
Tout during the period 131, and hereinafter similarly, the
respective wavelorms retlecting the control signals Sel2 to
Seld appear 1n this order in the periods T32 to T34.

As such, according to the modification example of the
fifth embodiment, wavetorms retlecting the end pulses EpyL
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and EpvyR, and the control signals Sell to Seld appear, when
the signal Mode 1s at the H level, 1n the signal Tout in time
sequence. Accordingly, according to the modification
example, the respective wavetorms reflecting the control
signals Sell to Seld are not interposed between the respec-
tive wavelorms retlecting the end pulses EpyLL and EpyR,
contrary to the fifth embodiment. Thus, the modification
example 1s suitable when the scanning line drive circuits
130L and 130R and the monitoring of the control signals
Sell to Seld need to be distinguished 1n time.

Note that, as 1s recognizable from the fiith embodiment
and the modification example of this embodiment, the
wavelorm reflecting the end pulse EpyR, the wavelform
reflecting the end pulse EpyR, and the respective waveforms
reflecting the control signals Sell to Seld are freely
sequenced unless the waveforms does not superimpose on
one another i time.

Also, 1n the first to fifth embodiments or the modification
examples of these embodiments, the configuration 1is
employed in which the scanming signal i1s supplied to one
piece of the scanning line by one pair of a delay circuit and
an AND circuit at the scanning line drive circuits 130L and
130R, and a configuration may also be employed 1n which
the scanning signals output from the delay circuit and the
AND circuit are four scanning signals output by four enable
signals, for example. Note that 1n this configuration, the half
period of the clock signal Cly coincides with four horizontal
scanning periods.

Such a configuration 1s employed when, for example, one
stage of the delay circuit constituting the scanning line drive
circuits 130L and 130R cannot be made to correspond to one
scanning line. Four enable signals ENBY1, ENBY2,
ENBY3, and ENBY4 are signals that determine a selection
period of the scanning line 112 with a partial period of one
horizontal scanning period being a selection state, for every
four horizontal scanning periods.

In this case, FIG. 5 that 1llustrates the first embodiment 1s
modified as follows. First, a logical product circuit 1s added,
which 1s configured to output a logical product signal of the
output signal from the AND circuit Anl_1 and the enable
signal ENBY1. The output signal from the logical product
circuit and the control signal Sell are mput to the AND
circuit An2 1.

Similarly, a logical product circuit 1s added, which 1s
configured to output a logical product signal of the output
signal from the AND circuit Anl_2 and the enable signal
ENBY2. The output signal from the logical product circuit
and the control signal Sel2 are mput to the AND circuit
An2 2.

Similarly, a logical product circuit 1s added, which 1s
configured to output a logical product signal of the output
signal from the AND circuit Anl_3 and the enable signal
ENBY3. The output signal from the logical product circuit
and the control signal Sel3 are mput to the AND circuit
An2 3.

Similarly, a logical product circuit 1s added, which 1s
configured to output a logical product signal of the output
signal from the AND circuit Anl_4 and the enable signal
ENBY43. The output signal from the logical product circuit
and the control signal Seld are mput to the AND circuit
An2 4.

By configuring as such, the respective wavelorms retlect-
ing the control signals Sell to Sel may be sequentially output
for every horizontal scanning periods.

Next, an example of an electronic apparatus using any one
of the electro-optical devices 10 according to the first to fifth
embodiments described above will be described.
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FIG. 17 1s a diagram 1llustrating a configuration of a liquid
crystal projector 1, which 1s one example of an electronic
apparatus. The liquid crystal projector 1 1s of a three-plate
type that uses, as a light valve, the electro-optical device 10
of any one of the first to fifth embodiments.

As 1llustrated 1n FIG. 17, the liquid crystal projector 1
includes electro-optical devices 10R, 10G, and 10B. The
clectro-optical devices 10R, 10G, and 10B, which are the
same as the electro-optical device 10 of the embodiments
and the like, are each configured to generate a transmission
image based on projected image data corresponding to
respective colors of R, G, and B supplied from an upper
circuit.

Inside the liquid crystal projector 1 1s provided with a
lamp unit 2102 constituted by a white light source such as
a halogen lamp. Projection light emitted from this lamp unit
2102 1s split into three primary colors of red, green, and blue
by three mirrors 2106 and two dichroic mirrors 2108
installed 1inside. Among these colors, the red light 1s incident
on the electro-optical device 10R, the green light 1s incident
on the electro-optical device 10G, and the blue light is
incident on the electro-optical device 10B.

Note that an optical path for the blue 1s longer than those
tor other red and green. Thus, the blue light 1s guided to the
electro-optical device 10B via a relay lens system 2121
composed of an incidence lens 2122, a relay lens 2123, and
an emission lens 2124, to prevent a loss at the optical path.

The electro-optical device 10R 1s configured to cause the
scanning line drive circuits 130L and 130R and the demul-
tiplexer 140 to supply a data signal of a red component to the
pixel circuit 110. In the electro-optical device 10R, when a
data signal 1s supplied for each of the pixel circuits 110, the
liquid crystal element 120 included 1n the pixel circuit 110
has a transmittance in accordance with the data signal. Thus,
in the electro-optical device 10R, the incident red light i1s
controlled 1n transmittance for each of the pixels, and thus
a transmission 1mage of the red component among 1images to
be displayed will be generated.

Similarly, i the electro-optical devices 10G and 10B, a
data signal of a green component and a data signal of a blue
component are supplied for each of the pixel circuits 110, to
generate a transmission 1mage of the green component and
a transmission 1mage of the blue component of the respec-
tive 1images to be displayed.

The transmission 1images of the respective colors gener-
ated by the electro-optical devices 10R, 10G, and 10B,
respectively, 1s incident on a dichroic prism 2112 from three
directions. Then, at this dichroic prism 2112, the light ray of
R and the light ray of B are refracted at 90 degrees, whereas
the light ray of G travels 1n a straight line. Thus, 1images of
the respective colors are synthesized, and then a color image
1s projected on a screen 2120 by a projection lens 2114.

Note that the respective transmittance images by the
clectro-optical devices 10R and 10B are projected after
being reflected by the dichroic prism 2112, while the trans-
mittance 1mage by the electro-optical device 10G travels in
a straight line to be projected. Thus, the respective trans-
mittance 1mages ol by the electro-optical devices 10R and
10B has a left-right inverted relationship with respect to the
transmittance 1mage of the electro-optical device 10G.

The electro-optical device 10 1s of a transmissive type,
and may also be of a retlective type, and other electro-optical
clements such as an organic EL eclement may be used
without being limited to the liquid crystal element 120.

From the various types of aspects exemplified above, the
tollowing aspects are comprehended, for example.
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An electro-optical device according to one aspect (Aspect
1) includes a first switch provided between an input node
supplied with a data signal and a first data line, the first
switch being configured to be turned ON or OFF by a first
control signal, a second switch provided between the 1mput
node and a second data line, the second switch being
configured to be turned ON or OFF by the first control
signal, a sequential output circuit configured to output a first
pulse, and a second pulse exclusive of the first pulse, logical
operational first logical operation circuit configured to
acquire a first logical product signal of the first control signal
and the first pulse, and a second logical product signal of the
second control signal and the second pulse, and a second
logical operation circuit configured to generate a logical sum
signal of the first logical product signal and the second
logical product signal.

According to the above aspect, a time 1nterval appears 1n
an expanded manner between a wavelorm reflecting the first
control signal and a wavetorm retlecting the second control
signal 1n the logical sum signal output from the second
logical operation circuit, to facilitate distinguishing the
signals.

Note that, as for the j-th group, the data line 114 in the
(41-3)-th row of the first sequence 1s one example of the first
data line, and the data line 114 1n the (47-2)-th row of the
second sequence 1s one example of the second data line. The
control signal Sell 1s one example of the first control signal,
and the control signal Sel2 1s one example of the second
control signal. The transistor Q1 1s one example of the first
switch, and the transistor Q2 1s one example of the second
switch. The output signal from the AND circuit An2_1 1s one
example of the first pulse, and the output signal from the
AND circuit An2_2 1s one example of the second pulse. The
AND circuits An2_1 and An2_2 are one example of the first
logical operation circuit, and the OR circuit Orl_1 or the
Or2 1s one example of the second logical operation circuit.

A specific aspect (Aspect 2) of Aspect 1 includes a
scanning line drive circuit configured to sequentially delay
a start pulse according to a clock signal to drive a first
scanning line and a second scanning line, 1n which a
sequential output circuit 1s configured to output the second
pulse based on a signal delayed from the first pulse, accord-
ing to the clock signal.

According to the above aspect, the clock signal used 1n the
scanning line drive circuit 1s used to generate the first pulse
and the second pulse at the sequential output circuit.

Note that the scanning line 112 1n the first column 1s one
example of the first scanning line, and the scanning line 112
in the second column 1s one example of the second scanning
line.

In a specific aspect (Aspect 3) of Aspect 2, the scanning,
line drive circuit includes delay circuits cascaded in a
plurality of stages, in which among the delay circuits cas-
caded 1n the plurality of stages, the start pulse 1s input to the
delay circuit 1n a first stage, the delay circuit 1n a final stage
1s configured to output an end pulse, and in which the
sequential output circuit 1s configured to generate the first
pulse based on the end pulse.

According to the above aspect, the end pulse output from
the scanning line drive circuit can be used to generate the
first pulse.

In a specific aspect (Aspect 4) of Aspect 3, the scanning
line drive circuit includes the first scanning line drive circuit
and the second scanming line drive circuit, in which the
clectro-optical device further includes a third logical opera-
tion circuit configured to generate a logical sum signal of a
first end pulse output from the first scanning line drive
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circuit and a signal delayed by the sequential output circuit
from a second end pulse output from the second scanning
line drive circuit.

According to the above aspect, 1n the logical sum signal
output from the third logical operation circuit,

a wavelorm retlecting the first end pulse and a waveform
reflecting the second end pulse appear 1n a separate manner
in time, to enable an mnspection of the first scanning line
drive circuit and the second scanning line drive circuit.

Note that the scannming line drive circuit 130L 1s one
example of the first scanning line drive circuit, and the
scanning line drive circuit 130R 1s one example of the
second scanning line drive circuit.

A specific aspect (Aspect 5) of Aspect 4 includes a first
selection circuit configured to select either one of the logical
sum signal by the second logical operation circuit or the
logical sum signal by the third logical operation circuait.
According to the above aspect, a monitoring of the first
control signal and the second control signal, and an 1nspec-
tion of the first scanming line drive circuit and the second
scanning line drive circuit can be selected by the first
selection circuit. Note that the transfer gates Swl and Sw2
are one example of the first selection circuit. Also, an output
of the first selection circuit can be used to momitor the first
control signal and the second control signal, and to inspect
the first scanning line drive circuit and the second scanning,
line drive circuit.

In a specific aspect (Aspect 6) of Aspect 2, the scanning,
line drive circuit includes delay circuits cascaded 1n a
plurality of stages, in which among the delay circuits cas-
caded 1n the plurality of stages, the delay circuit 1n a first
stage 1s configured to be mput with the start pulse and the
delay circuit 1n the final stage 1s configured to output an end
pulse, and 1n which the electro-optical device 1s configured
to generate the first pulse based on a logical sum signal of
the start pulse and the end pulse.

According to the above aspect, the sequential output
circuit can use a signal generated based on the start pulse as
the first pulse, even 1f there 1s an abnormality in the scanning,
line drive circuit.

A specific aspect (Aspect 7) of Aspect 1 includes a first
signal line having one end and another end, the first signal
line being configured to supply the first control signal from
the one end, and a second signal line having one end and
another end, the second signal line being configured to
supply the second control signal, in which the first logical
operation circuit 1s coupled to the other ends of the first
signal line and the second signal line.

According to the above aspect, the logical sum signal of
the first logical product signal and the second logical product
signal contains a wavelorm retlecting the first control signal
and a waveform reflecting the second control signal, 1n
which the wavetorm reflecting the first control signal con-
tains an influence due to the first signal line, and the
wavelorm reflecting the second control signal contains an
influence due to the second signal line, making 1t possible to
monitor a wavelorm in a state close to when using the
clectro-optical device.

Note that, among the signal lines 142, the signal line 142
being supplied with the control signal Sell 1s one example
of the first signal line, and the signal line 142 being supplied
with the control signal Sel2 i1s one example of the second
signal line.

A specific aspect (Aspect 8) of Aspect 1 includes a first
level shifter configured to level shift a first original control
signal and to output the level shifted first original control
signal as a post-level shift first control signal, a first output
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unmt configured to be mput with the post-level shiit first
control signal and to output the post-level shift first control
signal as the first control signal, a second level shifter
configured to level shiit a second original control signal and
to output the second original control signal as a post-level
shift second control signal, a second output unit configured
to be input with the post-level shift second control signal and
to output the post-level shift second control signal as the
second control signal, a fourth logical operation circuit
configured to generate a third logical product signal of the
post-level shiit first control signal and the first pulse, and a
fourth logical product signal of the post-level shiit second
control signal and the second pulse, a fifth logical operation
circuit configured to generate a logical sum signal of the
third logical product signal and the fourth logical product
signal, and a second selection circuit configured to select
cither one of the logical sum signal by the second logical
operation circuit or the logical sum signal by the fifth logical
operation circuit.

According to the above aspect, when including a configu-
ration including the first level shifter, the second level
shifter, the first output unit, and the second output unit, and
the like, 1t 1s facilitated to specily portions being defective.
Note that the level shifter for the control signal Sell supplied
to the electro-optical device 10 1s one example of the first
level shifter, and the level shifter for the control signal Sel2
1s one example of the second level shifter. Also, the buller
for the control signal Sell 1s one example of the first output
umt, and the butler for the control signal Sel2 1s one example
of the second output unit. The AND circuit An3_1 1s one
example of the third logical operation circuit, the AND
circuit An3_2 1s one example of the fourth logical operation
circuit, and the OR circuit Or5_1 or the Or6 1s one example
of the fifth logical operation circuit. The transier gates Swl
and Sw2 are one example of the second selection circuit.

A specific aspect (Aspect 9) of Aspect 1 includes a first
level shifter configured to level shift a first original control
signal and to output the level shifted first original control
signal as a post-level shift first control signal, a first output
unmt configured to be mput with the post-level shiit first
control signal and to output the post-level shiit first control
signal as the first control signal, a second level shifter
configured to level shiit a second original control signal and
to output the level shifted second original control signal as
a post-level shift second control signal, a second output unit
configured to be mput with the post-level shift second
control signal and to output the post-level shif

t second
control signal as the second control signal, a sixth logical
operation circuit configured to be mput with the post-level
shift first control signal and the post-level shift second
control signal and to output a signal indicating whether the
first level shifter and the second level shifter are normal, and
a third selection circuit configured to select either one of a
logical sum signal by the second logical operation circuit or
a signal output from the sixth logical operation circuit.

According to the above aspect, the inspection of the first

level shifter and the second level shifter and the monitoring
of the first control signal and the second control signal can
be selected by the third selection circuit.

Aspect 10 includes the electro-optical device according to

any one ol Aspects 1 to 9.

What 1s claimed 1s:

1. An electro-optical device, comprising:

a first switch provided between an input node supplied
with a data signal and a first data line, the first switch
being configured to be turned ON or OFF by a first
control signal;
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a second switch provided between the input node and a
second data line, the second switch being configured to
be turned ON or OFF by a second control signal;

a scanning line drive circuit including;

a first scanning line drive circuit;

a second scanning line drive circuit; and

delay circuits cascaded in a plurality of stages, a start
pulse being nput to a delay circuit 1n a first stage and
an end pulse being output from a delay circuit 1n a
final stage among the delay circuits,

the scanning line drive circuit being configured to sequen-
tially delay the start pulse according to a clock signal
upon driving a first scanming line and a second scanning
line:

a sequential output circuit configured to output:

a first pulse based on the end pulse; and
a second pulse exclusive of the first pulse, based on a
signal delayed from the first pulse, according to the

clock signal;

a first logical operation circuit configured to acquire a first
logical product signal of the first control signal and the
first pulse, and a second logical product signal of the
second control signal and the second pulse;

a second logical operation circuit configured to acquire a
logical sum signal of the first logical product signal and
the second logical product signal; and

a third logical operation circuit configured to acquire a
logical sum signal of:

a first end pulse output from the first scanning line drive
circuit; and

a signal delayed by the sequential output circuit from a
second end pulse output from the second scanning
line drive circuit.

2. The electro-optical device according to claim 1, com-

prising

a first selection circuit configured to select either one of
the logical sum signal by the second logical operation
circuit or the logical sum signal by the third logical
operation circuit.

3. The celectro-optical device according to claim 1,

wherein

the first pulse 1s generated based on a logical sum signal
of the start pulse and the end pulse.

4. The electro-optical device according to claim 1, com-

Prising

a first signal line having one end and another end, the first
signal line being configured to supply the first control
signal from the one end; and

a second signal line having one end and another end, the
second signal line being configured to supply the
second control signal from the one end, wherein

the first logical operation circuit 1s coupled to the other
end of the first signal line and the other end of the
second signal line.
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5. The electro-optical device according to claim 1, com-

prising:

a first level shifter configured to level shiit a first original
control signal and to output the level shifted first
original control signal as a post-level shiit first control
signal;

a first output umt configured to be mput with the post-
level shift first control signal and to output the first
control signal;

a second level shifter configured to level shift a second
original control signal and to output the level shifted
second original control signal as a post-level shift
second control signal;

a second output umt configured to be input with the
post-level shift second control signal and to output the
second control signal;

a fourth logical operation circuit configured to acquire a
third logical product signal of the post-level shiit first
control signal and the first pulse, and a fourth logical
product signal of the post-level shift second control
signal and the second pulse;

a fifth logical operation circuit configured to acquire a
logical sum signal of the third logical product signal
and the fourth logical product signal; and

a second selection circuit configured to select either one
of the logical sum signal by the second logical opera-
tion circuit or the logical sum signal by the fifth logical
operation circuit.

6. The electro-optical device according to claim 1, com-

prising:

a first level shifter configured to level shiit a first original
control signal and to output the level shifted first
original control signal as a post-level shiit first control
signal;

a first output unit configured to be put with the post-
level shift first control signal and to output the first
control signal;

a second level shifter configured to level shift a second
original control signal and to output the level shifted
second original control signal as a post-level shift
second control signal;

a second output umt configured to be input with the
post-level shift second control signal and to output the
second control signal;

a sixth logical operation circuit configured to be input
with the post-level shift first control signal and the
post-level shift second control signal and to output a
signal indicating whether the first level shifter and the
second level shifter are normal; and

a third selection circuit configured to select either one of
a logical sum signal by the second logical operation
circuit or a signal output from the sixth logical opera-
tion circuit.

7. An electronic apparatus, comprising,

the electro-optical device according to claim 1.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

